1. Introduction {#s0005}
===============

Medical terminology derives its origins from Latin and Greek roots with minor contribution from many other languages, such as Arabic, Chinese, Dutch, French, and Spanish ([@b0110], [@b0080]). Although Latin was initially considered the language of medicine after the Renaissance, its use has declined and is now considered a defunct language ([@b0025]). On an international level, not only is English the most commonly spoken language according to the number of people who speak it, but it is also the current undisputed language of medicine in terms of education and publishing ([@b0060], [@b0025], [@b0100], [@b0105]). On the contrary, the use of other languages for medical terminology can lead to discrepancies especially when taking into account regional dialects ([@b0090], [@b0095]). While it is acknowledged how essential it is to have a good comprehension of medical terminology for health professions, learning medical terms is sometimes challenging and is similar in many instances to learning a second language for native English speakers ([@b0030], [@b0055], [@b0110], [@b0010]), and to learning a third language for those whose mother tongue is not English ([@b0125]). An additional level of complexity is experienced by students who completed their secondary studies predominately in their local languages and then began learning English after beginning their higher studies followed by courses in medical terminology. Linguistics have determined that it may take up to seven years for those learning second languages to reach the level of academic proficiency of a native speaker ([@b0130], [@b0050], [@b0045]). Moreover, English instruction prior to admission in the health sciences in many occasions has been deemed insufficient for non-native English-speaking students' needs and may represent a barrier to their success compared to their native English-speaking counterparts ([@b0120], [@b0125]).

In the Kingdom of Saudi Arabia (KSA), the official language is Arabic, and English is not only considered the second language of the country, but is also the primary language of instruction in health care colleges ([@b0140]). Similar to other countries in the region, students essentially choose one of two educational tracks for their primary and secondary education, a public or private school in which Arabic is the primary language of instruction, or a private "international" school in which English is the primary language of teaching and learning ([@b0075]). Those students in private "international" schools usually have the advantage of more exposure and essentially more opportunities to practice English language. This may be due to the fact that they have native English speakers as teachers, the medium of instruction is English language, native English peers in their classes, or peers who have travelled abroad to English speaking countries. Students who are enrolled in these private institutions are usually from wealthier families who have either studied abroad or can afford to travel with their children abroad.

Students enrolled in King Saud University have the option of taking one of two tracks, the health sciences track or the humanities track. All students in the health sciences track begin taking basic science courses in the preparatory college, such as physics and mathematics, in addition to basic medical terminology ([@b0065]). This course serves as an essential bridge for prospective students prior to their admission to health care colleges. The College of Pharmacy at King Saud University is the first pharmacy college in KSA that was established back in 1959 and remained the only college until 2001 ([@b0020]). Today, there are more than 29 new colleges of pharmacy that were established after 2001 ([@b0005]). These colleges along with King Saud University College of Pharmacy have relatively few native English speakers, and the vast majority of students struggle to learn or speak in English. Therefore, the Latin-based medical terms are taught as a third-language. Previously, the College of Pharmacy at King Saud University offered a refresher course in medical terminology for students which was subsequently removed from the curriculum back in 2009. This omission presented a challenge for students seeking to enhance their understanding of medical terminology which is essential to health sciences.

Recently, some faculty members at King Saud University College of Pharmacy have voiced their concern over the students' understanding of basic medical terms that should have been covered during their preparatory year. Those faculty were concerned about the students' level of understanding of commonly used medical terms in comparison to their peers in other new colleges of pharmacy in Saudi Arabia. Therefore, we aimed to examine King Saud University College of Pharmacy students' level of understanding of basic medical terms and compare it to other students in relatively new colleges of pharmacy in Saudi Arabia.

2. Methods {#s0010}
==========

This was a cross-sectional study in which pharmacy students from King Saud University, AlMaarefa University, Princess Noura University, and Taibah University were recruited using a convenience sampling technique. In order to assess the pharmacy students' level of understanding of medical terms, a test of 30 multiple choice questions was developed by six faculty members from the department of clinical pharmacy. The questions were written based on the content of a textbook for medical terminology that is listed as a required textbook in the syllabus of the medical terminology course in the preparatory year for the health sciences track at King Saud University ([@b0065]). The content and face validity were checked by four pharmacy faculty members who are involved in teaching clinical courses. Pilot testing among a group of 15 students was conducted to examine the readability, difficulty, and discrimination of the test prior to administering it. The difficulty and discrimination of the test items were examined using item difficulty index and point biserial, respectively. The item analysis of the medical terminology test scores showed the test to be moderately easy with a mean value for the item difficulty of 0.81 and standard deviation of 0.26. Moreover, the test items' scores mean point biserial was 0.96 with a standard deviation of 0.32 suggesting that the test has a good discrimination index. Therefore, no major changes were required and only minor changes were made. The questions are shown in Appendix A.

2.1. Data collection {#s0015}
--------------------

An online announcement was posted on King Saud University College of Pharmacy Education Unit's Twitter® account inviting the pharmacy students who completed the health sciences track preparatory year (e.g., first year) to participate in a research aimed at assessing their level of understanding of basic medical terms. The students who completed the preparatory year in the three other colleges of pharmacy have also been invited to participate. Upon signing the written consent form, which explained the purpose of the study and right of the participants to withdraw at any time without giving any reason, the consented students were asked to write down the year of the pharmacy program they are currently enrolled in as well as their gender and age before they start taking the test. The students were given 20 min to complete the test. The study took place between March 2018 and May 2019 and was approved by the institutional review board of King Saud University College of Medicine (Research Project No. E-18--2857).

2.2. Statistical analysis {#s0020}
-------------------------

The colleges of pharmacy were categorized into two groups (old and new). King Saud University was regarded as old since it is the first college of pharmacy in KSA ([@b0020]), and the other three colleges were considered new colleges since they were established after 2008. Student's *t*-test and one-way ANOVA were used to compare the mean test scores across sex, age groups, year in the program, and old versus new colleges as appropriate. Multiple linear regression was conducted to examine the impact of being in new versus old college of pharmacy on the overall test score controlling for age, sex, and year in the program. All statistical analyses were conducted using SAS® version 9.4 (SAS Institute Inc., Cary, NC, USA). Statistical significance was considered at α \< 0.05.

3. Results {#s0025}
==========

A total of 347 students were recruited from four different pharmacy colleges as shown in [Fig. 1](#f0005){ref-type="fig"}. The majority of participants were females (63.1%), ≤ 25 years of age (96%), and enrolled in the Doctor of Pharmacy (PharmD) program (66.28%). Only 8 (2.3%) students were in the first year of the pharmacy program and have just completed the health sciences track preparatory year, however, the majority of the participants were in their fourth class year or higher (56.4%) . More than half of participants (58.5%) were from newly established colleges. The participants' baseline characteristics are shown in [Table 1](#t0005){ref-type="table"}.Fig. 1Pharmacy students' recruitment scheme.Table 1Baseline characteristics of the participants.CharacteristicN (%)SexMale128(36.89)Female219(63.11)ProgramDoctor of Pharmacy (Pharm.D)230(66.28)Bachelor of Pharmacy (B.Pharm)117(33.72)Program yearFirst year8(2.31)Second year66(19.02)Third year77(22.19)Fourth year99(28.53)Fifth year49(14.12)Sixth year48(13.83)Age18--21 yrs.159(45.82)22--25 yrs.174(50.14)26--29 yrs.11(3.17)≥30 yrs.3(0.86)College of PharmacyOld144(41.50)New203(58.50)

On evaluating medical terminology test scores, females had higher test scores than their male counterparts (24.4 ± 4.4, *P* \< 0.0001). Students in higher levels of the program had higher scores, and this was more apparent among students in the fifth year (25.2 ± 4.2, *P* \< 0.0001). Additionally, students in the newly established colleges of pharmacy had higher test scores compared to their counterparts in the old college (e.g., King Saud University College of Pharmacy) (24.2 ± 4.6, *P* = 0.004). Although older students had higher scores than younger students, the differences were not significant. PharmD students had comparable test scores to their counterparts in the bachelor of pharmacy program. The medical terminology test scores across different variables are shown in [Table 2](#t0010){ref-type="table"}.Table 2Medical terminology test scores across students' characteristics.CharacteristicTest score (Mean ± SD)*P*-valueSexMale21.87 ± 5.39\<0.0001\*Female24.52 ± 4.35ProgramDoctor of Pharmacy (Pharm.D)23.35 ± 4.920.424Bachelor of Pharmacy (B.Pharm)23.80 ± 4.99Program yearFirst year20.75 ± 4.68\<0.0001\*Second year20.43 ± 5.62Third year23.84 ± 4.35Fourth year24.34 ± 4.61Fifth year25.16 ± 4.15Sixth year24.48 ± 4.35Age18--21 yrs.23.01 ± 5.120.22222--25 yrs.24.01 ± 4.6926--29 yrs.22.81 ± 5.67≥30 yrs.26.00 ± 4.35College of PharmacyOld22.65 ± 5.270.004\*New24.16 ± 4.57[^1]

The results of multiple linear regression analysis documented the presence of a positive relationship between the medical terminology test scores and the female gender (β = 1.72; 95% confidence interval, 0.578--2.881, *P* = 0.003), newly established colleges (β = 1.23; 95% confidence interval, 0.160--2.303, *P* = 0.024), and class year (β = 0.836; 95% confidence interval, 0.356--1.315, *P* = 0.0007) ([Table 3](#t0015){ref-type="table"}).Table 3Multiple linear regression for the association between the medical terminology scores and being a student in a new pharmacy college.Variableβ estimate*P*-value95% Confidence intervalNew college1.230.024\*0.1602.303Age−0.880.092−1.9080.145Class year0.8360.0007\*0.3561.315Sex1.720.003\*0.5782.881[^2]

4. Discussion {#s0030}
=============

The current study represents, to the best of our knowledge, the first assessment of pharmacy students' knowledge of basic medical terminology in Saudi Arabia. Medical terminology is essential for health care professionals so that they can effectively communicate with each other ([@b0035]). Pharmacists need to utilize these terms as they provide direct patient care, describe medication-related mechanisms of action, recommend pharmacological treatments, and discuss monitoring and follow up parameters ([@b0040]). The results of this study revealed that, accounting for age, gender, and class year, higher scores in the medical terminology test were positively associated with the female gender, the newly established schools of pharmacy, and students' class year. The age of the students was not associated with better test scores.

The results suggest that there is a need to reintroduce a medical terminology course in the first year of the pharmacy program since the test's questions were covering basic medical terms that all students should be familiar with prior to their admission in the pharmacy program. However, students' scores improved especially in the fourth and fifth years as opposed to the first two years of the pharmacy program, which suggests that the students became more familiar with the commonly used medical terms as they progress in their didactic studies. These years coincide with the beginning of pharmacotherapy courses and their associated pharmacy practice laboratories. It is possible that these courses provided audio reinforcement during the lectures and direct applications during their case discussions and laboratory sessions. Heming and Nandagopal reported a similar trend among medical students in Oman ([@b0075]). Like Saudi Arabia, Oman is an Arabic-speaking country where English is the official second language and the language of instruction for the health sciences. Students' comprehension of common medical terms improved as their class level advanced.

Students from the three newly or more recently established universities scored significantly higher in the medical terminology test compared to their counterparts from King Saud University, which is quite intriguing. Usually, medical terminology is a standard part of most health care colleges' curricula. In pharmacy schools, medical terminology courses are not commonly given at the professional program level. At this time, students are engaged with learning activities and skills focusing on the various medicinal products and how they work ([@b0115]). The fact that an additional medical terminology course was previously incorporated into the curriculum at King Saud University College of Pharmacy, eventually removed, and subsequently the students performed poorer on the assessment of basic medical terms raises a question as to whether reintroducing this course into the pharmacy curriculum should be considered. Reviewing the medical terms ensures better comprehension of didactic courses. Therefore, different approaches have been adopted in teaching or refreshing the students' memory with commonly used medical terms. Hsieh used Bingo, which is a team-based game to review medical terms during a medical terminology course for nursing students, and resulted in improved test scores and higher satisfaction among the students ([@b0085]). Allibaih and Khan incorporated a myriad of active teaching strategies during a medical terminology course and utilized peer assessment as well as audio and medical vignettes to assess students' performance prior to and after completing the study material. Students' scores significantly improved on both audio and medical vignette quizzes and their perceptions were overwhelmingly positive ([@b0010]). Saxena and colleagues reinforced medical terminology and disease state related concepts with the use of crossword puzzles. The majority of students, 51%, reported that the crossword puzzles assisted them in understanding the medical terminology, and female students scored higher than their male counterparts ([@b0135]). Hays and Pearse also found that female medical students performed better overall on a general practice Objective Structured Clinical Examination (OSCE) for 5th year medical students ([@b0070]).

Although medical terminology may be considered a third language, the literature indicates that deficiencies in the second language, i.e. English, may be the unstable foundation and the basis of students' linguistic challenges. Alqurashi surveyed a sample of Saudi medical fellowship students in Australia to determine their English language needs, skills, and concerns. He concluded that the English language curriculum in Saudi Arabia is inadequate and needs to be restructured in order to prepare students for future communication encounters, studying abroad in English speaking countries, graduate studies especially in the medical field, and the competitive labor market ([@b0015]). Additionally, Hays and Pearse reported that English as a Second Language (ESL) students who recently arrived in Australia or did not speak English at home were more likely to perform poorly on the general practice OSCE ([@b0070]). Students in the fifth program year had a mean score of 25.16 out of 30 (83.9%). This is consistent with the findings of Heming and Nandagopal study, students who attended English-medium secondary schools in the fourth year of medical school, as opposed to the second and third years, answered all of the medical terminology-based questions ([@b0075]).

Possible solutions to ameliorate this deficiency include reintroducing the Medical Terminology course into the pharmacy curriculum, restructuring the medical terminology course in the preparatory year, or restructuring the English program in the preparatory year. Regardless of the association between English language deficiency and the comprehension of basic medical terminology, the English program revision has broader implications beyond medicine ([@b0015]). Students in Saudi Arabia lack two essential components of learning English language -- opportunities for exposure and interactions with native English speakers, and an extensive duration of program-based learning ([@b0075]). With the current emphasis upon the Saudi nationalization scheme, or Saudization, the number of expatriate native English speakers has declined and is expected to continue to decline. The alternative opportunities of a permanent residency program or tourist visas may not be sufficient in order to stimulate the level of personal English-based interactions in order to assist in English as a second language (ESL) development.

As for what appears to be the obvious solution is directly related to the medical terminology courses, it depends on the perspective of the college of pharmacy. Overall, the university students performed on a much lower standard than expected. This could be due to the fact that a large proportion of the students were former Arabic-medium secondary school graduates ([@b0075]). Therefore, the problem may be the result of the medical terminology course being poorly structured and not fulfilling the needs of ESL students ([@b0015]). If subsequent studies on other health care colleges yield similar results, the preparatory year medical terminology course must be restructured. The second option would be to reintroduce a medical terminology course into the curriculum. From the perspective of the older universities, this may be to their advantage as their students did not perform as well as the newer universities. The students from newer universities would also benefit from this alternative due to the additional exposure to these terms.

Although this is the first study to assess the pharmacy students' knowledge of basic medical terms in Saudi Arabia, several limitations have to be acknowledged. First, the participants represented a convenient sample and the results may not be generalized to the entire pharmacy student population. Further, the students were not asked to provide their grade point averages (GPA), and there might be a relationship between the students' scores and their GPAs. This study also did not request information regarding the medium of instruction in the students' secondary school education. Students who studied in English-medium secondary schools have shown to score higher on medical terminology exams than those from Arabic-medium secondary schools ([@b0075]). Finally, this study only focused on pharmacy students. In order to determine whether the deficiencies in the comprehension of basic medical terminology are related to weak medical terminology courses in the preparatory year or to the absence of an additional medical terminology course in the pharmacy curriculum, an additional study must be conducted to assess the comprehension of medical terminology among students from other health care colleges, such as medicine, dentistry, and nursing.

5. Conclusion {#s0035}
=============

This study examined the comprehension of common medical terms among pharmacy students. Females, students from newer universities, and students in their advanced years of studies were factors associated with better comprehension of basic medical terms. Future studies should include other health care students from the various universities in the Kingdom. They should also take into consideration the medium of instruction in students' secondary education. Current recommendations include redeveloping existing English programs as early as the secondary educational years as well as enhancing medical terminology instruction either in the preparatory year or reintroducing medical terminology courses in the pharmacy curriculum.
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